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Objectives: to compare changes in plasma catecholamines, acid–base status and cardiovascular dynamics in patients
undergoing endovascular or conventional infrarenal abdominal aortic aneurysm (AAA) repair under standard general
anaesthesia.
Design: prospective cohort study.
Materials: 30 patients scheduled for elective infrarenal AAA repair.
Methods: plasma epinephrine and norepinephrine concentrations, acid–base status and cardiovascular measurement were
compared before surgery, and 5 min after aortic clamping and clamp release (conventional group) or occlusion and release
(endovascular group) in patients undergoing endovascular (n=15) or conventional AAA repair (n=15).
Results: arterial pH (p<0.005) and base deficit (p<0.05) increased, and plasma bicarbonate decreased (p<0.005) during
aortic cross-clamping in the conventional group. pH decreased further (p<0.005), and base deficit and pCO2 increased
(both p<0.005) after clamp release. These changes were significantly greater than during endovascular repair, in whom
within-group changes were not statistically significant. Values were similar in the two groups 30 min after reperfusion.
Plasma epinephrine concentrations increased during conventional surgery (p<0.05) and were greater than in the
endovascular group (p<0.05). Plasma norepinephrine concentrations increased during surgery in both groups but the
changes were not statistically significant.
Conclusions: plasma catecholamine concentrations, changes in cardiovascular variables and acid–base status were
increased during conventional compared with endovascular AAA repair.
Key Words: Abdominal aortic aneurysm; Cardiovascular system, responses; Catecholamines, epinephrine, norepinephrine;
Surgery, endovascular.
Introduction pressures (PCWP).2 An increase in PCWP during cross-
clamping has been shown to be associated with myo-
Endovascular repair of abdominal aortic aneurysms cardial ischaemia.3 Aortic clamp release is associated
with a decrease in cardiac index and SVR, and a(AAA)1 has several potential advantages compared
with conventional surgery. Aortic cross-clamping is metabolic response which includes lactic acidaemia,
and release of oxygen free radicals and cytokines.2,5–7avoided and the duration of aortic occlusion is shorter.
In addition, endovascular AAA repair is performed Plasma catecholamine concentrations increase during
conventional surgery8–10 and may contribute to thevia one or two unilateral or bilateral groin incisions,
so that surgical and tissue trauma should be less cardiovascular changes.2,8 There are no data at present
describing the changes in plasma catecholamine con-compared with conventional AAA repair performed
via a laparotomy incision. centrations during endovascular AAA repair.
It has been suggested that changes in cardiac outputAortic cross-clamping may be associated with pro-
found haemodynamic and metabolic changes,2 which in patients undergoing endovascular AAA repair with
a bifurcated graft are less in comparison with thosemay cause myocardial ischaemia in susceptible
patients.3,4 These changes include a decrease in cardiac where conventional surgery is performed.5 However,
patients in that study were predominantly healthy,index (CI), increases in afterload and systemic vascular
resistance (SVR), and variable effects on preload, cent- 50% having no other evidence of cardiovascular dis-
ease. The overall incidence of risk factors such asral venous (CVP) and pulmonary capillary wedge
ischaemic heart disease, hypertension, or peripheral
vascular disease in patients presenting for AAA repair*Presented in part to the European Society of Anaesthesiologists,
April 1998. is approximately 65%,11 which is consistent with our
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own experience.12 We have therefore compared pro- internal jugular route for continuous cardiac output
(CCO) monitoring using the VigilanceÒ monitorspectively the changes in cardiovascular dynamics,
acid–base status and plasma catecholamine con- (Baxter Healthcare Corporation, Irvine, CA, U.S.A.).
The monitor was operated in ‘stat’ mode, such thatcentrations in a typical population of patients under-
going endovascular or conventional AAA repair. measurements were updated every 54 s. Meas-
urements were made at 15-min intervals throughout
surgery but recorded specifically at standard times.
Materials and Methods These were: before commencement of surgery (time
1), within 5 min before (time 2), and 5 min after (time
After obtaining informed consent and local Ethics 3) aortic clamping (conventional group) or occlusion
Research Committee approval we studied 30 patients (endovascular group), before, 5 and 30 min after aortic
presenting for infrarenal aortic aneurysm repair. An- unclamping or release (times 4, 5 and 6). Arterial blood
eurysm size, morphology and suitability for endo- samples for blood gas analysis and mixed venous
vascular repair were assessed by a combination of blood samples for measurement of plasma catechol-
computed axial tomography, magnetic resonance im- amine concentrations were also obtained at these times.
aging and conventional arteriography using a marker The sample times were taken in relation to unclamping
catheter (Cordis, UK) according to standard criteria.13 of the first limb with bifurcated endovascular or con-
Those with suitable aneurysms underwent endo- ventionally-placed aortic grafts. Plasma was separated
vascular repair; consecutive patients with aneurysm immediately by centrifugation, and stored at -70 °C
morphology unsuitable for endovascular repair under- pending assay by reverse phase high-pressure liquid
went conventional surgery. Preoperative cardiac func- chromatography with electrochemical detection.15 In-
tion was evaluated by clinical history, physical ter- and intra-assay coefficients of variation were 3.16%
examination and radioisotope (MUGA) scanning. The and 2.50% for norepinephrine, and 4.18% and 2.14%
diagnosis of ischaemic heart disease was based on a for epinephrine, respectively, with a lower limit of
history of angina, previous MI, or signs of cardiac sensitivity of 0.15 pmol ml-1. Body temperature was
failure, and peripheral vascular disease on a history of measured from the tip of the PA catheter.
intermittent claudication. Chronic respiratory disease Intravenous fluids (crystalloid [Hartmann’s solution
was defined as a clinical history of obstructive pul- and 0.9% saline] and colloid [3.5% gelatin]), were
monary disease or asthma. administered according to arterial and pulmonary ca-
Conventional aneurysm repair was performed using pillary wedge pressures (PCWP). PCWP was main-
a transperitoneal approach and midline incision by tained above 10 mmHg throughout surgery. Blood
one or two of the authors (MT and PB). Endovascular (concentrated red cells, each ‘unit’ having a nominal
repair was performed using an aortouniiliac or aorto- volume of 240–270 ml) was transfused when estimated
femoral tapered endovascular graft with contralateral blood loss (according to swab weight and suction
iliac occlusion and femorofemoral crossover graft,14 or losses) had exceeded 20% of calculated blood volume.
commercially available bifurcated devices (EVT, Menlo Dopamine 3 lg/kg/min was administered throughout
Park, CA, U.S.A.; Mintec, Freeport, Bahamas). In the surgery; glyceryl trinitrate 0.2–2.4 lg/kg/min was in-
aortouniiliac system, intraaortic balloon inflation was fused before aortic occlusion or clamping until just
achieved using an automated manometric syringe to before release as guided by measured haemodynamic
a pressure of 2 atm for 1 min. The balloon was then variables. No other inotropic or vasodilator drugs were
left inflated at 1 atm until all distal anastomoses were used. At the end of surgery, patients were transferred
completed. All patients received a standard general to the Intensive Care Unit (ICU) for weaning from
anaesthetic administered by one of the authors (JT or artificial ventilation and further management. The
GS). Premedication comprised diazepam 10 mg orally. intensive care management, time of weaning and dis-
A radial artery catheter for arterial pressure monitoring charge from ICU was at the discretion of intensivists
was inserted under local anaesthesia prior to induction who were not involved in the study.
of general anaesthesia, with alfentanil 15 lg/kg and a
sleep dose of thiopentone i.v. Vecuronium was ad-
ministered to produce muscle relaxation and an-
aesthesia maintained with isoflurane 0.5–2% and Statistical Analysis
nitrous oxide 70% in oxygen. Morphine increments
up to 0.15–0.25 mg/kg i.v. were given during surgery. Data were analysed using the Kolmogorov–Smirnov
goodness-of-fit test and found to be distributed nor-After induction of anaesthesia a thermodilution pul-
monary artery flotation catheter was placed via the mally. Unpaired t-tests were used to compare patient
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Table 1. Mean (S.D.) patient characteristics. 58% (19.9) in the conventional group. Ten conventional
tube and five bifurcated grafts were performed. In theGroup Endovascular Conventional
endovascular group 12 aortofemoral or aortoiliac and
Age (y) 67.9 (5.9) 67.6 (7.1) three bifurcated grafts (2 Mintec and 1 EVT) were
Weight (kg) 79.2 (12.5) 84.1 (12.4) used.BMI (kg/m2) 26.0 (2.6) 27.5 (4.5)
ASA grade 2/3/4 (no.) 8/6/1 7/7/1 The dose of morphine administered during surgery
Aneurysm diameter (cm) 5.6 (0.7) 6.2 (1.3) was similar in both groups. Duration of surgery was
Intraoperative morphine (mg) 16.5 (4.7) 17.7 (3.3) longer for endovascular repair (p<0.005). Intra-Duration of surgery (min) 182 (59)** 126 (35)
Estimated blood loss (ml) 2513 (1268)* 1630 (819) operative blood loss and blood transfused were greater
Aortic occlusion time (min) 17.4 (16.8)** 48.5 (16.9) in the endovascular group (both p<0.05), but there
Crystalloids infused (ml) 2701 (1027) 2566 (530) were no differences in crystalloid or colloid transfused.Colloids infused (ml) 1334 (858) 1766 (623)
Blood transfused (units) 4.6 (2.7)* 2.9 (1.5) Haematocrit (Table 3) was slightly higher at the end
Duration of ICU ventilation (h) 12.2 (8.7) 19.3 (16.8) of surgery in the conventional group but this was not
Hospital stay (days) 8.8 (5.1)** 15.2 (4.9) statistically significant (p=0.26). Duration of post-
* p<0.05 compared with conventional group. operative artificial ventilation and ICU stay were sim-
** p<0.05 compared with conventional group. ilar but total hospital stay was significantly shorter for
the endovascular group (p<0.005, Table 1).
Table 2. Co-existing disease. There were no differences in preoperative values
Endovascular Conventional for mean arterial pressure (MAP), heart rate (HR),
cardiac index (CI), central venous pressure (CVP),
Ischaemic heart disease 9 7 pulmonary capillary wedge pressure (PCWP) or sys-Peripheral vascular disease 3 3
Hypertension 5 4 temic vascular resistance index (SVRI) (Table 4). CI
Chronic respiratory disease 3 4 increased and MAP decreased during conventional
Other: surgery (both p<0.05), but between-group differenceslymphoma 1
IDDM 1 were not statistically significant. Changes in MAP and
lung tumour 1 CI in the endovascular group and changes in HR were
No coexisting disease 2 1 not significant. SVRI decreased after the start of surgerySmoking:
current 5 6 in the conventional group and remained low through-
previous 8 8 out compared with preoperative values (p<0.05). A
never 2 1 similar pattern was observed in the endovascular
group although the within-group differences were
not statistically significant. PCWP was higher duringcharacteristics, intraoperative and ICU data. Cardio-
surgery in the conventional group (p<0.05), but therevascular and catecholamine data were analysed by
were no within-group differences in either group.general linear model multivariate analysis of variance
There was a decrease in CVP during surgery in thefor repeated measures using polynomial contrast, with
endovascular group to significantly lower values thantime and type of surgery as within- and between-
preoperatively, and lower than in the conventionalgroup factors, using the computer software SPSS for
group (p<0.05). There were no changes in cardio-Windows 95 (version 7.0., 1995). Mauchly’s test of
vascular variables associated with aortic cross-clamp-sphericity was applied and, when significant, F values
ing (conventional group) or occlusion (endovascularwere adjusted by Greenhouse–Geisser epsilon values.16
group) (Table 4, time points 2–3 and 4–5).Post hoc paired and unpaired t-tests were performed
There were no significant changes in partial pHwhere appropriate.
or pCO2 in the endovascular group throughout the
procedure, but base deficit increased during aortic
occlusion (p<0.05) (Table 3). pH decreased during
Results aortic clamping (p<0.05) and decreased further after
clamp release (p<0.005) in the conventional group
All patients in the endovascular group and 14 patients (p<0.005 between groups). pCO2 increased sig-
in the conventional group were male. There were no nificantly after cross-clamp release (p<0.005), but
differences in age, weight, body mass index, pre- values for pH and pCO2 were similar in the two
operative ASA status, incidence of coexisting disease groups 25 min later. There was a progressive decrease
or aneurysm diameter (Tables 1 and 2). Mean (SD) in plasma bicarbonate during the procedure in the
preoperative ejection fraction as estimated by MUGA conventional group (p<0.005) within-group com-
parison, p<0.05 compared with endovascular group),scanning was 61% (11.4) in the endovascular group and
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Table 3. Mean (SD) arterial blood gas measurements.
Time point 1 2 3 4 5 6
pH (units) Conv 7.39 (0.03) 7.38* (0.04) 7.38 (0.04) 7.33** (0.04) 7.27**#(0.05) 7.37 (0.05)
Endo 7.41 (0.05) 7.41 (0.04) 7.39 (0.07) 7.36 (0.06) 7.36†† (0.06) 7.39 (0.07)
pCO2 (kPa) Conv 5.24 (6.7) 5.8 (0.8) 4.99 (0.7) 5.23 (0.5) 6.15**# (0.9) 4.63 (0.5)
Endo 5.08 (0.5) 5.09 (0.7) 4.97 (0.8) 5.11 (0.8) 5.23†† (0.7) 4.94 (0.7)
pO2 (kPa) Conv 15.3 (6.4) 15.1 (6.1) 15.0 (6.9) 12.7 (3.3) 12.5 (2.0) 11.7 (2.0)
Endo 15.2 (2.0) 16.3 (5.4) 14.9 (6.4) 15.2 (5.9) 14.6 (5.3) 13.1 (3.1)
HCO3 (mmol/l) Conv 23.4 (2.0) 22.5 (2.9) 22.7** (2.4) 21.5** (1.9) 21.1** (1.7) 20.7*† (2.1)
Endo 24.5 (2.3) 24.2 (2.1) 23.2 (1.8) 21.9 (2.3) 22.3 (1.8) 22.7 (2.4)
Base Conv 0.3 (1.0) 1.1** (2.5) 1.5** (2.2) 3.3** (2.1) 5.2**# (2.0) 3.4*† (2.6)
Deficit (mmol/l) Endo -0.4 (2.8) 0.0 (1.2) 1.1 (1.8) 2.6 (2.4) 2.3†† (2.7) 1.2 (1.0)
Temperature (°C) Conv 35.6 (0.5) 35.4 (0.6) 35.3 (0.7) 35.0* (0.7) 34.9* (0.7) 35.2 (0.6)
Endo 35.8 (0.7) 35.6 (0.7) 35.5 (0.8) 35.5 (0.8) 35.5 (1.0) 35.4 (0.8)
Haematocrit (%) Conv 36.2 (5.0) 35.1 (3.8) 32.4* (4.8) 32.5* (4.4) 31.3* (5.1) 38.1 (5.2)
Endo 36.3 (5.6) 35.1 (2.5) 31.7 (3.7) 32.0* (4.2) 33.5* (4.5) 35.6 (3.0)
Time point 1=after induction of anaesthesia and before surgery.
Time point 2=within 5 min before aortic clamping (conventional group) or occlusion (endovascular group).
Time point 3=5 min after aortic clamping (conventional group) or occlusion (endovascular group).
Time point 4=within 5 min before clamp release (conventional group) or balloon deflation (endovascular group).
Time point 5=5 min after aortic clamp release (conventional group) or balloon deflation (endovascular group).
Time point 6=30 min after aortic clamp release (conventional group) or balloon deflation (endovascular group).
* Significant within-group difference compared with time 1 (p<0.05).
** Significant within-group difference compared with time 1 (p<0.005).
# Significant within-group difference compared with time 4 (p<0.005).
† Significant between-group difference (p<0.05).
†† Significant between-group difference (p<0.005).
Table 4. Mean (SD) Cardiovascular measurements.
Time point 1 2 3 4 5 6
MAP Conv 92.3 (13.9) 87.7* (11.9) 81.3* (15.1) 83.2* (13.0) 78.8** (11.9) 83.2* (14.2)
(mmHg) Endo 86.4 (13.2) 80.3 (12.6) 75.3 (10.7) 81.0 (12.7) 75.4 (7.8) 81.5 (10.0)
Systolic pressure Conv 128 (16.1) 127 (14.4) 123 (24.3) 125 (21.3) 121 (21.3) 124 (23.4)
(mmHg) Endo 123 (24.3) 117 (17.2) 116 (19.7) 125 (20.5) 114 (11.4) 122 (16.1)
HR Conv 66 (21.4) 73 (12.1) 68 (20.4) 72 (9.1) 78 (18.3) 76 (13.4)
(/min) Endo 64 (13.8) 61 (8.5) 64 (12.1) 69 (9.3) 70 (15.3) 67 (13.0)
CVP Conv 11 (4.0) 11 (3.5) 11 (4.4) 12 (3.0) 11 (4.2) 11 (2.8)
(mmHg) Endo 10 (2.9) 10 (3.3) 8†* (3.7) 8†* (3.2) 9 (4.1) 9 (3.9)
PCWP Conv 17 (5.6) 16 (5.4) 14 (5.7) 15 (5.2) 16 (5.3) 16 (5.3)
(mmHg) Endo 15 (5.5) 14 (3.8) 12 (4.1) 12 (3.4) 13 (4.9) 12 (4.2)
CI Conv 2.9 (0.7) 3.4* (0.9) 3.4* (0.9) 3.4* (6.7) 3.5** (1.0) 3.8** (1.0)
(l/min/m2) Endo 3.3 (1.0) 2.9 (0.8) 3.2 (0.9) 3.0 (0.7) 2.9 (0.7) 3.0 (0.8)
SVRI Conv 2420 (1015) 1799 (591) 1654 (673) 1710 (469) 1718* (616) 1578* (477)
(dyne s. cm-5 m-2 Endo 2467 (499) 2060 (844) 1761 (485) 1980 (548) 1906 (1503) 1860 (482)
Time point 1=after induction of anaesthesia and before surgery.
Time point 2=within 5 min before aortic clamping (conventional group) or occlusion (endovascular group).
Time point 3=5 min after aortic clamping (conventional group) or occlusion (endovascular group).
Time point 4=within 5 min before clamp release (conventional group) or balloon deflation (endovascular group).
Time point 5=5 min after aortic clamp release (conventional group) or balloon deflation (endovascular group).
Time point 6=30 min after aortic clamp release (conventional group) or balloon deflation (endovascular group).
* Significant within-group difference compared with time 1 (p<0.05).
** Significant within-group difference compared with time 1 (p<0.005).
† Significant between-group difference (p<0.05).
but corresponding changes in the endovascular group There were no significant changes in SpO2, arterial
pO2 or calculated alveolar–arterial pO2 within orwere not statistically significant (p=0.08). Base deficit
increased progressively during aortic cross-clamping between groups. Body temperature decreased during
surgery in the conventional group (p<0.05). There(p<0.05) and after clamp release (p<0.001), and had
returned towards neutral 30 min after clamp release. were no significant within- or between-group changes
in pulmonary artery pressures or other derivedChanges in base deficit were significantly greater in
comparison with the endovascular group (p<0.005). variables (stroke volume, LVSWI, RVSWI, PVRI).
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Table 5. Mean (SD) plasma catecholamine concentrations.
Time point 1 2 3 4 5 6
Plasma epinephrine Conventional 1.59 (0.78) 2.93*† (1.50) 2.73*† (1.86) 2.54 (2.21) 2.40 (2.51) 2.67 (3.14)
(nmol/ml) Endovascular 1.93 (1.25) 1.48 (1.51) 1.42 (1.12) 1.40 (1.31) 1.08 (0.9) 1.36 (1.22)
Plasma norepinephrine Conventional 4.46 (1.09) 7.19 (3.40) 6.88 (2.95) 8.14 (4.25) 9.24 (3.98) 8.14 (3.68)
(nmol/ml) Endovascular 4.29 (1.19) 4.93 (2.66) 6.11 (2.98) 6.33 (2.99) 7.45 (3.65) 7.30 (3.09)
Time point 1=after induction of anaesthesia and before surgery.
Time point 2=within 5 min before aortic clamping (conventional group) or occlusion (endovascular group).
Time point 3=5 min after aortic clamping (conventional group) or occlusion (endovascular group).
Time point 4=within 5 min before clamp release (conventional group) or balloon deflation (endovascular group).
Time point 5=5 min after aortic clamp release (conventional group) or balloon deflation (endovascular group).
Time point 6=30 min after aortic clamp release (conventional group) or balloon deflation (endovascular group).
* Significant within-group difference compared with time 1 (p<0.05).
† Significant between-group difference (p<0.05).
Plasma epinephrine concentrations increased after these changes had largely resolved 30 minutes after
clamp release. Within-group changes in CI, SVRI, pH,the start of surgery (p<0.05, Table 5) and were greater
and pCO2 during endovascular AAA repair were notthan in the endovascular group throughout surgery
statistically significant. Body temperature decreased(p<0.05). Plasma norepinephrine concentrations in-
during conventional repair, despite a smaller bloodcreased in both groups after the start of surgery but
loss and shorter duration of surgery.within- and between-group comparisons were not stat-
The effects of aortic cross-clamping on cardiac out-istically significant.
put are variable, depending on the level and durationThere was similar postoperative cardiovascular and
of clamping, collateral circulation, vascular tone, pre-respiratory morbidity in both groups (Table 6), al-
existing cardiac function, anaesthetic technique andthough in a study of this size no conclusions are
intravascular fluid status.2 Clamping of the supra-made regarding the incidence of complications, or
coeliac or thoracic aorta causes increases in arterialcomparisons between techniques.
pressure and SVR with a decrease in cardiac index
and no significant change in heart rate.2 Base deficit
increases during the period of clamp application.6,17
Discussion Release of the cross-clamp is followed by a decrease
in arterial pressure, venous return, cardiac index and
In this study we have found differences in haemo- a worsening of the lactic acidaemia.5,17 Plasma ca-
dynamic and metabolic parameters and plasma ca- techolamines increase following cross-clamping with
techolamine concentrations in patients undergoing a further increase after clamp release.9 The changes
conventional AAA surgery, compared with those which follow infrarenal cross-clamping are similar but
undergoing endovascular repair. Cardiac index and les marked.10,18–20 The lack of change in haemodynamic
heart rate were higher during conventional surgery, variables associated with cross-clamp application or
and SVRI lower, but there were no significant changes release in this study is consistent with these findings,
associated with aortic cross-clamping or release. Aortic and partly reflects the anaesthetic technique and main-
cross-clamping was associated with the development tenance of intravascular volume. Baxendale and col-
of a metabolic acidosis, with a decrease in pH, HCO3 leagues found significant changes in mean arterial
and an increase in base deficit. Arterial pCO2 increased pressure, SVR, cardiac output and plasma lactate in
after aortic unclamping with a further decrease in pH 10 patients undergoing infrarenal AAA repair; there
and HCO3 and a further increase in a base deficit, but were few changes in 10 patients undergoing en-
dovascular surgery.5 However, six of the 10 patients
Table 6. Postoperative morbidity. undergoing conventional repair had no history of
cardiovascular disease, and no vasodilator or inotropicEndovascular Conventional
drugs were used. In contrast, only six of 30 patients
Pulmonary oedema 3 2 in our own study had no evidence of associated cardio-
Pneumonia 1 3
vascular disease. We did not consider it appropriateMicroembolisation, trash foot 2 0
Other 2 1 to perform aortic cross-clamping or release without
No complications 9 9 attenuating the potentially harmful haemodynamic
effects which occur in this patient group.3,4 The de-Other=wound infection, atrial fibrillation (endovascular group),
haematemesis (conventional group). crease in pH and increase in pCO2, HCO3 and base
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deficit after aortic cross-clamp release indicates that random manner. However, there were no preoperative
a significant metabolic acidaemia occurred. Without differences in patient characteristics or cardiac function
active intervention using vasodilators or adjustments between groups. We studied patients undergoing all
of minute ventilation this could have been associated forms of AAA repair (aortic tube graft, bifurcated
with adverse cardiovascular effects. Thus the lack of grafts and aortouniiliac reconstructions). The type of
cardiovascular changes documented at cross-clamping aortic reconstruction (tube or bifurcated graft) was not
and release is at least partly a consequence of the controlled between groups, but our patients represent
anaesthetic technique which was used. a typical cohort with AAA requiring a range of op-
The increase in plasma catecholamines during con- erative approaches. Patients are allocated to en-
ventional AAA repair is consistent with previous work,8 dovascular or conventional surgery according to
although there are no data relating to endovascular aneurysm morphology. In the absence of a distal aortic
surgery. McCoy and colleagues21 studied plasma ca- neck but with relatively narrow calibre iliac arteries,
techolamine and cortisol concentrations in patients patients would be suitable to receive either a bifurcated
undergoing elective AAA repair under high-dose endovascular prosthesis or a conventional tube graft.
opioid/oxygen/isoflurane anaesthesia (fentanyl If iliac aneurysms are present, a bifurcated con-
50 lg/kg bolus and infusion of 30 lg/kg/h). Plasma ventional or uniiliac endovascular graft would be in-
concentrations of cortisol, epinephrine and no- dicated, as a bifurcated endovascular repair would be
repinephrine were increased preoperatively and re- inappropriate.23 Comparison of the consequences of
mained elevated throughout surgery with no bifurcated endovascular or conventional repair may
significant changes at cross-clamp application or re- not therefore be applicable for an individual patient.
lease. The catecholamine concentrations were similar Cardiovascular measurements were made at spe-
to those found in our study. In patients undergoing cified times related to aortic occlusion or cross-clamp-
infrarenal AAA repair under high dose fentanyl ing as we had anticipated that cardiovascular changes
(50–100 lg/kg)/midazolam/nitrous oxide an- would be related to these events. As used the Vi-
aesthesia, Gold and colleagues found an increase in gilanceÒ monitor provides rapid trend estimates of
plasma concentrations of epinephrine and norepi- cardiac output, although the response to rapid changes
nephrine after the start of surgery with no further in haemodynamic conditions may be delayed. In an
changes 1, 5 and 10 min after aortic cross-clamping.10 animal model, the time for an 80% response to a
Epinephrine and norepinephrine concentrations change in cardiac output of 40–50% caused by inferior
throughout were 30–70% of those in our study, prob- vena caval occlusion or arterial haemorrhage was 9.1
ably because of differences in anaesthetic technique and 9.7 min respectively. Times to 50% response toor patient characteristics.8
these interventions were 6.7 and 7.8 min.24 The mini-It has been shown that the generation of oxygen
mum intervals between measurements in our studyfree radical and inflammatory markers (cytokines and
were 6–10 min (before and after aortic clamping orC-reactive protein) is less during endovascular com-
occlusion). Arterial, central venous and pulmonarypared with conventional AAA repair7,22 but there are
arterial pressures were monitored continuously, butno data on acid–base changes during surgery. Al-
the method of measurement of cardiac output was thethough not statistically significant (p=0.08), we found
most rapid available to us. The timing of the recordingsthat base deficit increased during surgery in the
at a minimum of 5 min after each intervention isendovascular group. This may reflect tissue
consistent with previous studies of changes in haemo-hypoperfusion caused by blood loss and the decrease
dynamic variables15 and plasma catecholamine con-in cardiac index during endovascular repair. Changes
centrations9,21 after aortic cross-clamping or occlusionwere less in comparison with the conventional group,
and release. However, it is likely that the maximumbut this highlights the fact that endovascular repair in
changes in cardiac output and derived variables oc-this patient population should not be regarded as a
curred between our measurement times, and that thebenign procedure.
recorded values underestimated this variability.We recognise some potential criticisms of this study.
The present study was undertaken early in ourPatients were allocated to group according to in-
endovascular AAA programme, and the anaestheticdividual aneurysm morphology; patients unsuitable
technique and ICU management reflect our practicefor endovascular repair were offered conventional sur-
at the time of inception of the study. However, thegery. Endovascular repair was in an early stage of
duration of surgery, ICU stay, incidence and type ofdevelopment with unknown morbidity and mortality
complications were similar to those reported else-when this study commenced, and it was not felt jus-
tified to allocate patients to a surgical treatment in a where.25,26 In contrast, the duration of hospital stay in
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4 Gooding JM, Archie JP, McDowell H. Hemodynamic responseour study was shorter in the endovascular group,
to infrarenal aortic crossclamping in patients with and withoutwhilst blood loss was greater. With increasing ex- coronary artery disease. Crit Care Med 1980: 8: 382–385.
perience, we have changed some aspects of anaesthetic 5 Baxendale BR, Baker DM, Hutchinson A et al. Haemodynamic
and metabolic response to endovascular repair of infrarenaland surgical management. The aortouniiliac device
aortic aneurysms. Br J Anaesth 1996: 77: 581–585.now incorporates a haemostatic valve to diminish 6 Anderson J, Eklof B, Neglen P, Thomson D. Metabolic changes
blood loss, and alternative techniques have proved in blood and skeletal muscle in reconstructive aortic surgery.
Ann Surg 1979: 189: 283–289.more appropriate for some patients, e.g. the use of
7 Thompson MM, Nasim A, Sayers RD et al. Oxygen free radicalregional anaesthesia. A consequence of the greater
and cytokine generation during endovascular and conventional
unanticipated blood loss was that intravascular vol- aortic aneurysm repair. Eur J Vasc Endovasc Surg 1996: 12: 70–75.
8 Derbyshire DR, Smith G. Sympathoadrenal responses to an-ume was lower in the endovascular group, reflected
aesthesia and surgery. Br J Anaesth 1984: 56: 725–739.in the lower CVP and PCWP, and this may have
9 Normann NA, Taylor AA, Crawford ES, Debakey ME, Salehcontributed to the changes in pH and base deficit SA. Catecholamine release during and after cross clamping of
during endovascular repair. However, plasma ca- descending thoracic aorta. J Surg Res 1983: 34: 97–103.
10 Gold MS, DeCrosta D, Rizzuto C, Ben-Harari RR, Rama-techolamine concentrations were higher, and the de-
nathan S. The effect of lumbar epidural and general anesthesiagree of metabolic acidosis greater in the conventional on plasma catecholamines and hemodynamics during abdominal
group, reflecting a greater metabolic stress.27 The vari- aortic aneurysm repair. Anesth Analg 1994: 78: 225–230.
11 Hertzer NR. Basic data concerning associated coronaryation in blood loss renders strict comparison between
disease in peripheral vascular patients. Ann Vasc Surg 1987:the study groups and with other endovascular devices
5: 616–620.
difficult, although the significant differences we found 12 Sayers RD, Thompson MM, Nasim A et al. Surgical management
of 671 abdominal aortic aneurysms: a 13-year review from amight have been greater had the same volaemic status
single centre. Eur J Vasc Endovasc Surg 1997: 13: 322–377.been maintained. It has been recommended that spe-
13 Thompson MM, Sayers RD, Nasim A, Bell PRF. Endovascularcific attempts be made to decrease MAP during place- aortic aneurysm repair. Curr Pract Surg 1995: 7: 21–27.
ment of the endovascular prosthesis,26,28 but this has 14 Thompson MM, Sayers RD, Nasim A et al. Aortomonoiliac
endovascular grafting: difficult solutions to difficult problems. Jrarely been necessary in our experience.
Endovasc Surg 1997: 4: 174–181.In summary, we found that endovascular AAA re- 15 Thompson JP, West KJ, Hill AJ. The cardiovascular responses
pair caused fewer intraoperative changes in cardiac to double lumen endobronchial intubation and the effect of
esmolol. Anaesthesia 1997: 52: 790–794.index, plasma concentrations of epinephrine and acid–
16 Kinnear PR, Gray CD. SPSS for Windows made Simple. Hove,base status than during conventional surgery. The lack
U.K.: Psychology Press, 1994.
of changes in cardiovascular variables associated with 17 Whalley DG, Salevsky FC, Ryckman JV. Haemodynamic and
aortic occlusion and lower limb reperfusion during metabolic consequences of aortic occluson during abdominal
aortic surgery. Br J Anaesth 1993: 70: 96–98.conventional surgery may be attributed to our
18 Falk JL, Rackow EC, Blumenberg R, Gelfand M, Fein IA.anaesthetic technique and management. However, the Hemodynamic and metabolic effects of abdominal aortic cross-
diminished intraoperative metabolic and cardio- clamping. Am J Surg 1981: 142: 172–177.
19 Zaidan JR, Guffin AV, Perdue G, Smith R, McNeill DC.vascular effects of endovascular AAA repair that we
Hemodynamics of intravenous nitroglycerin during aorticobserved may be advantageous in patients with cardio-
clamping. Arch Surg 1982: 117: 1285–1288.
vascular disease. 20 Quintin L, Bonnet F, Macquin I et al. Aortic surgery: effect of
clonidine on intraoperative catecholaminergic and circulatory
stability. Acta Anaesthesiol Scand 1990: 34: 132–137.
21 McCoy D, Hargaden K, Kilfeather S, Bouchier-Hayes D,
Cunningham AJ. Neuroendocrine and haemodynamic re-Acknowledgements
sponses to abdominal aortic cross clamp and release during
high-dose opiate-oxygen-isoflurane anaesthesia. Eur J Vasc Surg
1993: 7: 648–653.We are grateful to the Sir Jules Thorne Trust for
22 Swartbol P, Norgren L, Albrechtsson U et al. Biologicalfinancial support which facilitated this study.
responses differ considerably between endovascular and con-
ventional aortic aneurysm surgery. Eur J Vasc Endovasc Surg
1996: 12: 18–25.
23 Chuter TAM, Risberg B, Hopkinson BR et al. Clinical experience
References with a bifurcated endovascular graft for abdominal aortic an-
eurysm repair. J Vasc Surg 1996: 24: 655–666.
24 Siegel LC, Hennessy MM, Pearl RG. Delayed time response1 Parodi JC, Palmaz JC, Barone HD. Transfemoral intraluminal
of the continuous cardiac output pulmonary artery catheter.graft placement for abdominal aortic aneurysms. Ann Vasc Surg
Anesth Analg 1996: 83: 1173–1177.1991: 5: 491–499.
25 White GH, May J, McGahan T et al. Historic control comparison2 Gelman S. The pathophysiology of aortic cross-clamping and
of outcome for matched groups of patients undergoing en-unclamping. Anesthesiology 1995: 82: 1026–1060.
doluminal versus open repair of abdominal aortic aneurysms. J3 Attia RR, Murphy JD, Snider M et al. Myocardial ischemia due
Vasc Surg 1996: 23: 201–212.to intrarenal aortic cross clamping during aortic surgery in
26 Baker AB, Lloyd G, Fraser TA, Bookallil Yezerski SD. Retro-patients with severe coronary artery disease. Circulation 1976:
53: 961–966. spective review of 100 cases of endoluminal aortic stent-graft
Eur J Vasc Endovasc Surg Vol 17, April 1999
Cardiovascular Changes During Endovascular AAA Repair 333
surgery from an anaesthetic perspective. Anaesth Int Care 1997: 28 Baranowski AP, Adiseshiah M. Aortic stent surgery (letter). Br
25: 378–384. J Anaesth 1996: 76: 882–883.
27 Clutter WE, Bier DM, Shah SD, Cryer PE. Epinephrine plasma
metabolic clearance rates and physiologic thresholds for meta-
bolic and haemodynamic actions in man. J Clin Invest 1980: 66:
94–101. Accepted 21 October 1998
Eur J Vasc Endovasc Surg Vol 17, April 1999
